Early relationships between young mammalian herbivores and social models (e.g., mothers or peers) have been proposed as playing a major role in the process of diet learning. Diet selection is an important factor influencing animal development and ecology, especially in natural and seminatural grasslands, with a large diversity of plant species. To explore the learning process of foraging behavior and diet selection choices by foals, six free-ranging Criollo foals and their respective mares were monitored through continuous bite monitoring from birth to 130 d old, in the Pampas Grasslands of southern Brazil. Cumulative suckling time decreased exponentially from birth to 130 d old, while dry matter intake, foraging time, and bite mass of foals increased continuously. It was possible to identify three marked periods in the foal's foraging behavior development: 1) an exploratory phase (from 0 to 40 d old) marked by limited forage intake from a large diversity of plants; 2) a specialization phase (from 40 to 110 d old) with a marked increase in forage intake and a specialization around the same plants as the ones selected by the mares; and 3) a stabilization phase (after 110 d old) in which forage intake still increases but diet composition of foals stabilized similarly to the one of the respective mares. The higher diversity at young ages could be explained by exploratory hypothesis, where foals test different forages to discover their environment, given that their nutritional needs are fulfilled by milk consumption, not by forage intake. As requirements shift toward solid items, bite mass and foraging time increase and diet choices become similar to that of the mares. Our results detail how young foals develop their foraging behavior and suggest, without testing it and under the circumstances of this study, that they learn their diet through social transmission from their mothers.
Introduction
Grasslands cover z25% of the world's total ice-free land area, and 70% of agricultural land (Steinfeld et al. 2006; Goldewijk et al. 2007) . They are of primary conservation interest because of the diversity of ecosystem services provided (Lemaire et al. 2011) , including livestock production, atmospheric carbon fixation and water cycling, primary production, soil formation and support for biodiversity, and landscapes of cultural relevance. Proper grassland management is therefore of primary importance for ecosystem functioning, including related agronomic, economic, and social activities. This is particularly true for natural and seminatural grasslands that are among the ecosystems supporting the highest levels of biodiversity (Bond and Parr 2010; Murphy et al. 2016) and are particularly sensitive to mismanagement (Aguiar 2005) .
Natural and seminatural grasslands commonly support, in most places around the world, extensive livestock production as the main economic activity (Suttie et al. 2005) . Grazing management in diversified and low-input grasslands is complex and can profoundly impact grasslands diversity and functioning (Briske et al. 2011; Boval and Dixon 2012; Hunt et al. 2014 ). In the Pampa grassland of Southern America, large herds of horses are raised in extensive conditions. Horses are used as the main working tool for livestock management and are an important component of the cultural heritage of the region. Foals are generally maintained in the herd with their mothers until 1 yr old and then weaned. This horse raising system provides a good opportunity to study how grazing behavior development takes place in young mammalian herbivores in natural grasslands.
The early relationship between young mammalian herbivores and social models (e.g., mothers or peers) has been proposed as a key factor in the process of diet learning (Provenza and Balph 1988) . Indeed, diet selection will not only influence animal development and productivity but also impact grassland composition and functioning. It is well documented that the diet selection of mothers influences the food preference and long-term diet selection in lambs (Mirza and Provenza 1990; Thorhallsdottir et al. 1990; Sanga et al. 2011 ) and goat kids (Distel and Provenza 1991; Biquand and Biquand-Guyot 1992; Glasser et al. 2009 ). In horses, studies on social learning mostly concerned nonforaging behaviors (e.g., Ahrendt et al. 2012; Rorvang et al. 2015) , whereas diet selection studies on pasture focused on older animals (e.g., Fleurance et al. 2005; Edouard et al. 2009 ). Actually, little is known about the grazing behavior development of young foals in natural or seminatural grasslands.
The objective of this study was to understand the processes involved in the grazing behavior development and diet selection of young foals nursed by their dams. For this, the grazing behavior and diet selection of foals and their respective dams were monitored closely from birth to 4 mo old, when early weaning commonly takes place, in an extensively managed South Brazilian Pampa grassland.
Materials And Methods

Study Area
The study was conducted on a private ranch in Santana do Livramento, Rio Grande do Sul, Brazil (30 32 0 42 00 S, 55 23 0 6 00 W), between November 2014 and July 2015. The region is part of the Southern America Pampa grassland biome, referred to as Campos in southern Brazil. The climate is subtropical humid with mean annual precipitation of 1 400 mm well distributed throughout the year. Average monthly temperatures range from 14ºC to 25ºC. Soils are shallow Mollisols mixed with Vertisols, generally low in P. The region is used for extensive cattle, sheep, and horse ranching. South Brazilian Campos are among the most species-rich grassland communities in the world with estimated numbers of vascular plant species ranging from 3 000 to 4 000 (Overbeck et al. 2007 ). C 4 grasses dominate the plant community, along with some legumes, forbs, shrubs, and cool-season C 3 grasses. The plant community in the study area was composed of > 250 vascular plant species dominated by genus Paspalum, Andropogon, Aristida and Axonopus (grasses), Baccharis and Heringium (shrubs), and Desmodium, Arachis, and Adesmia (legumes). This peculiar composition of plants creates a mosaic of tall, tussock-forming bunchgrasses and shrubs interspersed with short, prostrate grasses and forbs that offer a large range of food choices for herbivores.
Animals
Six mature Criollo mares and their respective foals were monitored from the foal's birth to 4 mo old. This age corresponds to early weaning, an age when the foal does not depend on milk to survive any longer (Frape 2004) . Mares were chosen according to their expected foaling date (from February to early March) so that all foals grew under similar seasonal conditions. For this reason, mares were chosen from two different herds (three focal mares per herd) located in two contiguous paddocks with similar vegetation characteristics. Herds were formed years before the study and were familiar with the environment and companion livestock. Each herd included pregnant and open mares and one stallion. Each paddock was also stocked with beef cattle and sheep under continuous stocking. Paddock 1 (100 ha) had 21 horses, 36À47 beef cows, and around 100 sheep reaching 1 animal unit (AU) ha À1 (considering 1 AU as the equivalent to a 450-kg bovine). Paddock 2 (90 ha) had 11 horses, 32 beef heifers, and around 40 sheep, reaching 0.7 AU ha À1 . Herbage allowance was not limiting for any category (mean sward canopy height at the beginning of observations was 13.7 cm for short grass and 31.3 cm for tussocks), and all animals had access to water from natural ponds and creeks, salt, and mineral P supplementation.
Mutual Familiarization
Animal activity, dry matter intake, suckling time, and diet composition were all estimated through continuous bite monitoring (Agreil and Meuret 2004; Bonnet et al. 2015) . Continuous bite monitoring consists of recording, in real time and continuously through direct observation, all foraging behavior of a focal animal (e.g., bites, steps, suckling events), classifying bites in size and/or functional categories. The focal animal has to be closely monitored (around 1 m) to allow a detailed classification of the bites, requiring a period of mutual familiarization between the observer and the animal before the study.
Mutual familiarization was conducted from November to December 2014 (before foaling), following the protocol of Bonnet et al. (2015) . A unique observer first familiarized each herd to his presence until being able to walk freely between the individuals without disturbing them. Then, three focal mares were chosen from each herd and followed during the entire day. Distance between the observer and each focal animal was progressively reduced until being closer than 1 m without detecting any effect on the mare's behavior. The process lasted between 2 and 3 wk per herd. Familiarization with the newborn foals of the focal mares did not present any difficulty.
Design of the Bite-Coding Grid
In order to record a detailed description of the bites taken by the focal animals in real time, observed bites were classified into a total of 31 bite categories (BCs, Annexes 1 and 2). BCs should be indicative of plant species and plant parts selected (for estimation of diet composition), as well as bite mass for estimation of dry matter intake. BCs were classified based on 1) plant species or plant functional group when species had equivalent structural and nutritional attributes; 2) nature, size, and position of the selected plant parts (e.g., set of fresh leaves, isolated leave, inflorescence); and 3) handling and severing behavior of the animal. A short code, simple to memorize, was then attributed to each BC. Canopy height categories were added as accessory codes to some BCs (e.g., shortprostrated mix grass community) when canopy height directly affected bite depth and, therefore, bite mass. Additional codes were used for nongrazing behaviors such as walking, drinking, suckling, licking, resting, playing, ingestion of feces, and social interactions.
Design of the bite-coding grid was done with mares before foaling, along with the familiarization phase. Each observer trained himself to identify BC and to dictate each observed bite in real time, staying continuously, during daylight hours, with the focal mares.
After 1 mo of training (between December 2014 and January 2015), the observer was able to encode every single observed bite without hesitation. As observations extended across several seasons, a few new BCs were created during the study according to the evolution of vegetation structure.
Continuous Bite Monitoring
Observations of foraging behavior for both mares and foals started within 7 d after foaling date (from 3 February 2015 to 10 March 2015) and were repeated every 15 to 20 d, until foals were close to 130 d old. Each family group (pair) was evaluated eight times, with one pair observed per day and different pairs observed on successive days. Each evaluation lasted 4 h in the morning (since dawn) and 4 h in the afternoon (to dusk). This period corresponded to main daylight activity of the horses as determined during preliminary observations. Nocturnal observations were not performed as it was not possible to identify BCs. Each family group was observed by a single observer, and the mare and foal were observed in turns. As in most evaluations, the grazing time of the foal lasted less than half of its mother's. The foal's grazing behavior was recorded in priority. The mares' grazing behavior was recorded whenever foals were not grazing, and the observer shifted from observing the mare back to the foal every time it started grazing again. Starting and ending suckling times were systematically recorded. Observations were registered using a Sony ICD-PX312 (Sony Corp., Minato, Japan) digital voice recorder and subsequently transcribed using the JWatcher software (www.jwatcher.ucla.edu).
Bite Simulations
In between grazing events, observed BCs were simulated through hand-plucking for estimation of bite mass. For each observed BC (and separately for mares and foals), 20 hand-plucked subsamples were taken, preferentially at the same patch and on the same plants being grazed previously. Subsamples tried to mimic as close as possible observed bites, by replicating observed pregrazing and postgrazing structure of the vegetation. In an experimental study with cattle and goats, Bonnet et al. (2011) found that the accuracy of bite mass estimations through hand-plucking was > 80% with trained observers. Samples were then dried at 60ºC to constant weight.
Vegetation Structure
The vegetation structure of each paddock was sampled on three occasions: at the beginning (January), mid (April and May), and end (July) of the study period. Sampling followed a 40 Â 40 m Global Positioning SystemÀbased grid (Paddock 1:614 points; paddock 2:493 points). At each sampling point, a 1-m 2 quadrat was placed on the ground and nine regularly spaced canopy height measurements were taken, using a sward-stick (Barthram 1985) . Plant species and vegetation pattern (classified in the same way as the BCs defined in the bite coding grid) were noted jointly with canopy height measurements.
Statistical Analysis
Suckling time and dry matter intake were not assessed on a 24-h basis but restricted to the 8-h daily observation. They therefore correspond to observed daily suckling time and dry matter intake. Similarly, the diet composition of mares and foals is based on the 8 h of the daily observation. The evolution of the foals' ingestive behavior (suckling time, dry matter intake, and mean bite mass) with age was modeled through mixed linear regression using the nlme package in R (Pinheiro et al. 2016 ) based on homogeneous Gaussian distribution. Foal's age (d) was used as fixed effect, and foal's identity as random effect. Suckling time and mean bite mass were log transformed because of their exponential relationship with foals' age and to meet variance homogeneity. Dry matter intake was square root transformed because of its power relationship with the foals' age (dry matter intake ¼ 0 when foal's age ¼ 0) and to meet variance homogeneity.
Diet composition of mares and foals was based on the proportion of observed daily dry matter (g DM) consumed from each BC. Observed daily dry matter consumed from each BC was simply calculated by multiplying the bite mass (g DM) associated with each BC by the number of times the animal was observed taking a bite from this particular BC. Because some BCs were only exceptionally consumed, we grouped 11 of those observed fewer than 50 times over the study period into one "extra" BC. Vegetation composition was calculated as the relative presence of each vegetation pattern at each sampling date and paddock. Diet diversity of foals and mares was calculated using the Shannon diversity index based on the observed daily dry matter consumed from each BC. Shannon diversity index was preferred over Simpson diversity index because it gives more weight to BCs consumed in small amounts.
Diet compositions are by nature multivariate data, and the comparison of diets between animals and periods can be performed using multivariate analysis of variance. However, the data of diet composition in this study did not fulfill the assumptions required for parametric multivariate analysis of variance. Some BCs had rare occurrences in the diet, implying the presence of many zeros in the data set. Consequently, the assumption of multivariate normality did not hold. Furthermore, the data set for diet composition consisted of 19 BCs (i.e., 19 variables), close to the number of replicates available in most of the analyses (i.e., 24). Therefore, nonparametric permutational multivariate analysis of variance, or PERMANOVA (Anderson 2001 ) was performed, using the "adonis" function from the vegan package in R (Oksanen et al. 2016) . Significant differences in diet composition were tested between animal category (foals vs. mares) and family groups (mare-foal pairs) during three different age periods of the foals (35À60, 61À100, and 101À140 d old). Each age period is composed of two evaluations of each family group. The period when foals were younger than 35 d old was not considered, since forage consumption was too low for robust comparison. PERMANOVAs were also used to compare foals' or mares' diet to vegetation composition. Dissimilarity matrixes based on the Euclidean distances between diets or between diets and vegetation composition were used in all PERMANOVA analyses. For comparison between diets, animal category, family groups, and their interaction were used as fixed effects. Paddock and evaluations were used as blocking factors for permutations (i.e., random effect). For comparison between diet and vegetation composition, blocking factors for permutations were paddock and sampling period (when more than one vegetation sampling period was involved).
Nonmetric multidimensional scaling ordination (MDS) with standardized scaling (Kruskal 1964a (Kruskal , 1964b ) was used to project the multivariate diet compositions data on a two-dimensional space, preserving as much as possible the Euclidean distances between unitary samples in the original multidimensional space. This projection allowed a simple two-dimensional representation of the effects of animal category and family groups on the diet composition during the study. All analyses were performed on R version 3.3.1 (R Core Team 2016).
Ethical Approval
This study did not involve any manipulation or handling of the mares and foals that were observed in their natural environment.
Even the social environment of the animals was respected during the study. Provided that the purpose was to not disturb the individuals' behaviors during close monitoring, particular care was taken over weeks to familiarize the animals and herds with the observer and to not cause any stress. Personal observations during the study confirm that this objective was reached. All foals had normal growth and survived until adult age.
Results
Foraging Behavior
Foals' cumulative suckling time, which was around 41 ± 10 min/d during the first wk of life, decreased exponentially with age, down to 7 ± 3 min/d at around 130 d old (Fig. 1) . This resulted from a decrease in the frequency and duration of suckling bouts (Table 1) . Meanwhile, observed foals' forage dry matter intake increased continuously, as did foraging time and mean bite mass (see Fig. 1 ; Table 1 ). Forage dry matter intake remained insignificant up to 22 d old, ranging from 0.05 g DM to 46.2 g DM (corresponding to a range of 1À320 bites)/d. During that time, young foals frequently licked plant parts without consuming them, a behavior that disappeared afterwards. Forage dry matter intake increased rapidly after 22 d old, reaching values > 1 kg DM/d when foals were 3 mo old. Coprophagic behavior was observed in all foals during the first 5 wk of life and disappeared afterwards in four of the six foals (see Table 1 ).
Evolution of Diet Composition
Over the whole period of study, the diet of the mares remained relatively stable and significantly different from the vegetation composition (F 1,23 ¼ 3.68, P ¼ 0.01), with a clear selection pattern for the BCs "mix" and "ra," both from the short, prostrate grasses vegetation community (Figs. 2 and 3) . In contrast, the diet of the foals evolved markedly. From birth to 6 wk old, foals rapidly increased their diet diversity (Fig. 4) . At around 40 d old, the foals' diet was much more diversified than the mares' (see Figs. 2a and 4) , and significantly different from vegetation composition (F 1,15 ¼ 7.07, P ¼ 0.002; see Figs. 2a and 3) . After 40 d old, the foals' diet diversity decreased continuously until reaching similar indexes as their mothers, at around 110 d old (see Figs. 2b, 2c, and 4) . By the end of the study, at around 130 d old, the diet composition of the foals was similar to their respective mothers (see Fig. 2c ).
This evolution in the disparity between the foals' and mares' diet was confirmed by multivariate statistical analysis. Between 35 and 60 d old, as the foals' diet reached maximum diversity, there was a highly significant difference between their diet and their mothers' diet, whereas the difference between family groups was not significant (Table 2, age period 1). This result can be visualized in Figure 5a and 5b. Between 61 and 100 d old, foals tended to progressively merge toward their mother's diet. During this phase, the difference between the foals' and mares' diets remained significant but to a lesser extent than during the previous period (see Table 2 , age period 2; see Fig. 5c and 5d ). Finally, between 101 and 140 d old, the difference in diet composition between the foals and their respective mares was no longer significant, whereas the difference between family groups became highly significant (see Table 2 , age period 3; Fig. 5e and 5f) . This difference between family groups did not result from a split of the herds that remained closely packed all along the study. In fact, the previous lack of significant differences in the diet composition between family groups resulted from the large difference in the diet between foals and their respective mares up to 100 d old. In all analyses, the lack of significance for the interaction between animal category and family groups means that the similarity or difference of diet between the foals and their respective mothers was independent of the family group.
Discussion
During the first 4 mo of life, foals continuously increased forage intake while decreasing total suckling time. The development of their foraging behavior occurred in three different phases. First was an exploratory phase from 0 to 40 d old, marked by a limited forage intake from a large diversity of plants, with large differences in diet composition between foals. Second was a specialization phase from 40 to z110 d old, with a marked increase in forage intake and specialization toward specific plants and plant parts, mostly the same as the ones consumed by the mares. Finally, there was a stabilization phase after 110 d old, when forage intake still increased, but diet composition of foals stabilized close to the diet of their mothers. 
Foraging Behavior Development
Our results detail a clear pattern of progressive substitution from milk to forage as the main source of nutrients for foals during the first 4 mo of life (see Fig. 1 ). The evolution and values of both suckling time and percent of time grazing are similar to the ones reported in the same conditions by Duncan et al. (1984) for Camargue horses and by Crowell-Davis and Houpt (1985) for Welsh ponies.
In a foal's first wk, observed mean suckling frequency and duration (see Table 1 ) closely matched the literature for lactating well-nourished foals (Frape 2004; Paradis 2006) . After 1 mo, the number of daily bites, very limited until then, increased rapidly, resulting in a sharp increase in forage intake. At 4 mo old, observed forage intake reached 2.5 kg/d À1 while suckling time was strongly reduced. At this age, the affective contact between the foal and its mother remains strong (Waran et al. 2008 ), but if lactation continues being a significant source of nutrients, it is no longer vital for the foal (Cameron et al. 1999; Frape 2004) .
Exploratory Phase
Between birth and 40 d old, foals rapidly increased the diversity of their diet while their total consumption of forage remained limited. Around 40 d old, the foals' diet was much more diversified than the mares' with large differences in diet composition between foals. What would be the basis of this diversification behavior? The simplest hypothesis is that foals randomly selected their diet. However, this would imply that the foals' diet was representative of vegetation composition, which was not the case. So random selection does not hold as a single explanation. A second hypothesis is relative to young foals' nutritional needs. During their first wks of life, foals depend only on maternal milk to fulfill their needs (Frape 2004) . Furthermore, the digestive track is not fully developed (Paradis 2006) and the gut flora is not stabilized (Faubladier et al. 2013; Costa et al. 2016) . This can explain the differences in diet composition between foals and mares. When mares have to select forages that allow an adequate intake rate of nutrients, foals can select items with higher hedonic value, without concern for nutrient intake. On the other hand, the immature gut flora can also be a factor preventing consumption of more fibrous food items in foals' diet.
A third, nonexclusive hypothesis for foals' early diet diversification is that they expressed a natural curiosity for their new environment, taking advantage of not being constrained by forage consumption to explore and test foods. Curiosity would be a beneficial evolutionary process, leading young animals to familiarize themselves with their environment, learning through personal experience (Provenza 1995) . The consumption of limited amounts of new, unknown foods by young livestock has been suggested to be a behavior that avoids harmful foods (Provenza and Balph 1988; Burritt and Provenza 1989) . The exploration hypothesis has various advantages. First, it explains the increasing diversity in the foals' diet during the first weeks as cognitive and foraging capacities improve (Murphy and Arkins 2007) . Second, it is coherent with the result that the foals' diet composition was significantly Table 2 Nonparametric multivariate analysis of variance between individual diets of foals and mares based on the proportion of dry matter consumed from each bite category (BC). Three distinct analyses were performed on the basis of different foals' age periods (35À60, 60À100, and 100À140 d old). Fixed effects considered were animal category (mares or foals; AC), family group (FG), and their interaction (AC x FG). Random effects (i.e., blocking factors) were paddock and observation event. 1979; Carson and Wood-Gush 1983 ) the consumption of a small amount of many food items, without consuming them in proportion to their abundance. Third, it explains the observed differences in diet composition among foals, as curiosity is a relatively random process that is not expected to lead to the same result between individuals. Finally, it is coherent with the observation that young foals frequently licked plant parts (leaves, stems, dead material, inflorescence, even rock) without consuming them, a behavior already reported in other studies (Marinier and Alexander 1995) .
Specialization Phase
After 40 d old, the foals started to specialize their diet around a limited number of food items while sharply increasing their forage intake. What were the reasons for those changes? The period between 30 for the foals. First, it coincides with the peak of lactation, with milk production decreasing afterwards and failing to match their nutritional needs (Doreau and Martuzzi 2006; Santos and Silvestre 2008) . Foals have to graze more efficiently, concentrating on food items that allow greater nutrient intake. Second, intestinal flora of the foals changes markedly during the first mo, before stabilizing between 30 and 60 d of age, close to that of adult horses (Faubladier et al. 2013; Costa et al. 2016) . As a result, diet specialization and increased forage intake around 40 d old are probably linked processes: Growing nutritional requirements press the foal to increase forage intake that is achieved through diet specialization, longer feeding periods, and larger bites. The efficiency of this conversion in the source of nutrients is guaranteed by the change in gut flora. How did the foals learn which food items to specialize? Several hypotheses have been advanced in the literature regarding diet learning of young mammalian herbivores. Provenza (1995) summarized them in three kinds of memory: the species memory passed from one generation to the other through genetic inheritance; the social memory passed through example or teaching of a social model (e.g., the mother) or through in utero transmission or milk flavor; and personal memory acquired through individual experience (trial and error). If all three kinds of memory have been demonstrated in experimental studies with ruminants (e.g., Provenza and Balph 1988; Glasser et al. 2009; Favreau et al. 2010; Sanga et al. 2011; Wiedmeier et al. 2012) , field evidence of a social transmission of the diet between mothers and offspring is still scarce (Edwards 1976; Biquand and Biquand-Guyot 1992) . Social learning represents several advantages for the individual, by increasing the efficiency of feeding in a particular environment and reducing the risks associated with individual experience (Provenza 1995) . We did not test genetic, in utero, or milk flavor transmission in this study, and individual experience of foals could have played a role in diet learning. But observed similarities in the diet of foals and their respective mothers by the end of the study, with significant differences between family groups, indicates that each foal selected food more like that of its mother than to any other individual, suggesting a process of social transmission (facilitation) in diet between mothers and foals (Rorvang et al. 2018) . Observed differences in the diet of different family groups could, however, have partially resulted from differences in the day of observation, as only one mare-foal pair was observed per d. Daily variations in the weather or specific area used within the paddock could have influenced individual diet composition.
Stabilization Phase
After 110 d, the diet of foals tended to stabilize close to their mothers' in terms of composition and diversity. The proportion of time spent grazing also stabilized around 50% of observation time while bite mass and forage intake continued increasing as foals grew. The relative decrease in diet diversity observed in all individuals between 110 d and 130 d (see Fig. 4 ) probably reflected seasonal changes in vegetation, with a higher proportion of senescent material consumed by the end of the study. The stabilizing diet of foals, as the one observed for the mares all throughout the study, was mostly composed of bites from the short grass community. This is a commonly reported pattern of selection in horses grazing natural or seminatural grasslands (e.g., Fleurance et al. 2001; Edouard et al. 2009 ). These studies concluded that the preference for short grass by horses results from a selection of tissues of high protein content, rather than an optimization of dry matter intake rate. As hindgut fermenter, horses can easily increase their daily eating time to compensate for limited dry matter intake rate.
The observational and social learning processes in horses is not clearly proved in the literature (Murphy and Arkins 2007; Rorvang et al. 2018) . However, most of the previous work was done with animals over 2 yr old (Baer et al. 1983; Clarke et al. 1996) and was not related to the foraging process in as fine scale as presented in this study. In that sense, Rorvang et al. (2018) suggest the differentiation between social learning (i.e., goal emulation) and social transmission (i.e., facilitation), the latter being more adequate to the capacities involved in herbivory and already proven on ruminants (Ralphs et al. 1994) . Our results suggest that foals develop their foraging behavior, at least partially, through social interaction with their mothers (facilitation).
This social transmission process (Rorvang et al. 2018 ) was probably more important between 40 d and 110 d, when the foals' diet composition converged rapidly toward their mothers'. Are foals' foraging behavior and diet selection firmly fixed after only 4 mo? This study does not answer this question. But considering only the seasonal effects on vegetation structure and that food selection needs to be adapted during the yr, it seems wise to consider the possibility that foals' diet selection continues under the effect of social transmission by their mother.
Conclusions
We observed that foals naturally raised by their mothers in pastures learn how to select their diet during a process that extends from birth to at least 4 mo old. Foals first explore their feeding environment before specializing on a reduced number of food items, probably through imitation of their mothers' feeding behavior. By 4 mo old, foals had a diet highly similar to their mothers' and significantly different from other mare-foal pairs. However, we cannot exclude that early separation between the foal and his mother at this age will not have repercussions on foals' future feeding behavior, as the process of diet learning can extend after 4 mo old for long-term stabilization and seasonal adaptations. Considering that most mammalian herbivores remain feeding close to their mother during their first mo of life, it seems wise to consider that the learning process described in this study can serve as a general basis for other species, wild or domestic. Experimental studies with different ages of separation between foals and mares would be necessary to test the importance of the mother as a social model after 4 mo, and how early weaning could eventually lead to a degradation, from one generation to the other, of the feeding behavior knowledge.
Implications
Knowledge of the evolution of the foraging process on young horses may aid development of management practices guidelines, improving weaning and adaptation to food components.
The different phases of the learning process and cultural factor constitute opportune moments for insertion of components in the diet, in the case of diets outside pastoral environments.
This study highlights the critical moments of foraging development and suggests that foals use mothers as social models for optimizing foraging capacity, past the exploratory phase at 100 d after birth.
